Sexual size dimorphism (SSD) is a common phenomenon in animal taxa. While males are the larger sex in many birds and mammals, femalebiased SSD predominates among insects, including Orthoptera. We analyzed size differences of 1503 Orthoptera species, suggesting that SSD is rather uniform in Ensifera, with the females being on average 9% larger than the males (ranging from -20 to +40%). In contrast, SSD is usually much stronger in Caelifera (37%) and also more variable (ranging from -20 to +140%). Caelifera with larger females exhibit stronger size differences than smaller species, whereas in Ensifera SSD decreases with male body size, but is not related to female size. Sexual size differences in Orthoptera are usually associated with a higher number of nymphal instars in females, leading to an earlier emergence of adult males (protandry). Both growth rates and the number of instars seem to be affected by genetic and environmental cues. Two major hypotheses have been proposed to explain the ultimate causes for SSD: the intersexual competition hypothesis and the differential equilibrium hypothesis. The first suggests that sexual dimorphism is a mechanism to reduce intraspecific competition, enabling the sexes to specialize on different food items. The differential equilibrium hypothesis proposes that the different body sizes represent sex-specific fitness optima, which are caused by their specific life-history strategies. Females may maximize their reproductive success by increasing the number (or size) of eggs (fecundity selection), whereas males may maximize their reproduction by being more mobile and fertilizing many females in a short period of time. These fundamental differences in the life-history strategies of the sexes may also lead to sexual selection, which has sometimes been referred to as an additional hypothesis. There is still a need for more empirical research on the ultimate causes for SSD. At present, there is much more support for the differential equilibrium hypothesis, but the intersexual competition hypothesis has rarely been tested. We propose some experimental approaches to test both hypotheses in micro-and macroevolutionary contexts.
Introduction
The most fundamental feature of sexual reproduction is the existence of two distinct sexes with differentiation of the reproductive roles. These sexes are primarily defined by differences in their gametes and reproductive organs, but in most cases secondary differences are associated with sexuality (Andersson 1994) . One intersexual difference which is widespread among animal taxa is sexual size dimorphism (SSD). While in many mammal and bird species the males are larger than the females (e.g., Fairbairn 1997) , female-biased SSD dominates among Orthoptera and many other invertebrates (Teder & Tammaru 2005 , Blanckenhorn et al. 2007 , Esperk et al. 2007 . However, there is substantial variation between and within different taxa and usually also within single species (Teder & Tammaru 2005) .
The ultimate causes for SSD have been discussed controversially since Darwin (1871) , who assumed that either sexual or natural selection might explain size dimorphism. Selander (1966) suggested that SSD could also be driven by intraspecific (intersexual) competition for resources. These three hypotheses (sexual selection, dimorphic niches, intersexual competition) have dominated the debate for some decades (e.g., Lande 1980 , Slatkin 1984 , Hedrick & Temeles 1989 , Shine 1989 , Temeles et al. 2000 . Recently, it has been argued that sexual selection is a consequence of sex-role specialization and therefore, it will be difficult to distinguish predictions of the sexual selection hypothesis from those of the dimorphic niches hypothesis (Fairbairn 1997 , Hochkirch et al. 2007 . Hence, male and female body size might be differently affected by opposing selective agents, which has been referred to as the "differential equilibrium model" of SSD (Blanckenhorn 2005) .
The intersexual competition hypothesis states that competition between males and females leads to intersexual character displacement (Selander 1966 , Slatkin 1984 , Hedrick & Temeles 1989 . In this case, SSD represents a mechanism to reduce intraspecific competition, such as specialization on different food items (Temeles et al. 2000) .
In contrast, the differential equilibrium hypothesis proposes that SSD is caused by different niche optima of the sexes, as a result of sex-specific costs of reproduction (Slatkin 1984 , Hedrick & Temeles 1989 , Fairbairn 1997 , Blanckenhorn 2000 . The latter hypothesis encompasses the "fecundity selection hypothesis" (Reeve & Fairbairn 1999 ) which explains female body size and the "sexual selection hypothesis" which explains male body size (Blanckenhorn 2000) .
As female egg production is generally believed to be more costly in terms of energetic requirements than male sperm production, females need more nutrients and time to produce offspring. They may maximize their lifetime reproductive success by increasing the number (or size) of eggs or extend their lifespan. As females are constrained by their own egg production, the benefits of multiple matings are usually lower than for males (Andersson 1994 , Rowe 1994 .
In contrast, males may increase their fitness by maximizing the number of matings (i.e., fertilizing a high number of eggs). This sexual conflict leads ultimately to sexual selection (Hochkirch et al. 2007) , which might act through male or female choice (i.e., preferences for large or small mates) or through intrasexual combat, in which larger or smaller individuals of similar sex have an advantage (e.g., protandry, territoriality). A major problem in distinguishing between the intersexual competition hypothesis and the differential equilibrium hypothesis is that dimorphic niches might also have evolved as a consequence of competition in the past ("ghost of competition past", Connell 1980) .
In this review, we synthesize evidence from studies on Orthoptera, which either support or reject the above named hypotheses. We first analyze SSD in 1503 Orthoptera species (1113 Caelifera, 390 Ensifera) and show that these two taxa follow different patterns. We then discuss the underlying proximate processes shaping SSD in Orthoptera. Afterwards, we review the published literature on the ultimate causes for sexual size dimorphism in Orthoptera. A major goal of our review is to propose important areas for future research on SSD in Orthoptera.
Methods
In order to achieve data on SSD in Orthoptera, we created a database using the taxonomic literature of three large geographic areas (Bei-Bienko & Mishchenko 1963 for the former USSR, Harz 1969 , 1975 for Europe, Dirsh 1970 for the Congo), comprising a total of 1503 species. A problem with the existing data on body sizes in Orthoptera is that taxonomists often do not clearly define their measures, such as "body length" or "total length" which is also true for the literature analyzed. It is reasonable to assume that a single author has been consistent in his measures, but this is not necessarily true among authors. As most authors present ranges of body sizes rather than means and variances, we calculated averages for each sex from the minima and maxima given. For practical reasons it was not possible to include all known species, genera or even families of Orthoptera, but the database covers large parts of the Palaearctic fauna and some Oriental and African taxa. If data for more than one subspecies were available, only the first subspecies mentioned was included. The database was afterwards corrected with the current online version of the Orthoptera Species File (Eades et al. 2007) . We removed synonymized taxa from the database and assigned valid taxa to their current systematic position. If data for one species were included in more than one of the publications analyzed, the minimum and maximum values were chosen. We are aware that even the current systematic status might not reflect the real phylogenetic history and the status of some species might still be disputed. However, we had to compromise on these qualities to obtain a comprehensive database. It should be noted that averages and standard deviations for SSD did change only negligibly after correcting the database for double entries and synonymies, which led to a deletion of 172 entries.
Although at a first glance measuring SSD seems to be a simple task, there are some fundamental problems associated with size measurements. One might choose to measure body length, weight, dimensions of a single part of the body (pronotum, leg etc.) or calculate surface areas (Uvarov 1966) . As museum material shrinks on drying, body lengths might not be well suited for such analyses, but shrinking might affect both sexes in a similar way. On the other hand, even the length of living Orthoptera females varies substantially with the oviposition cycle. A similar problem arises when weight is used as measure. Daily variation of weight might be even more pronounced due to the uptake of water and food. In females, substantial loss of weight is associated with oviposition and this daily variation has even been used to reconstruct the oviposition cycle of individuals in the field (Kriegbaum 1988) . Some authors try to deal with the problem of shrinkage by measuring less variable parts of the body, such as the length of a hind femur (e.g., del Castillo et al. 1999 , Nosil 2002 . However, measuring single parts of the body might just illustrate sexual dimorphism in this particular trait (Kelly 2005) and some characters (e.g., the shape of the pronotum) are known to differ even between wing morphs (Uvarov 1966) . Hence, Fig. 1 . Comparison of sexual size dimorphism (SSD) in Caelifera and Ensifera. While in Caelifera the females are often much larger then the males (average 1.37), SSD is less pronounced in Ensifera (average 1.09). Moreover, the degree of variation is much higher in Caelifera than in Ensifera, ranging from 0.83 to 2.45 in the former group and from 0.77 to 1.44 in the latter. Note that the original values have been rounded to one decimal place.
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the best method to measure SSD would probably be multivariate morphometrics, the first function of which usually uncovers general size differences (Hochkirch 2005) . However, in this review we tried to maximize the number of species included and therefore, we had to rely on the data presented in the taxonomic literature. As body length was the measure presented by all authors, we calculated an index of sexual size dimorphism as the ratio of female body size/ male body size. We examined the allometric relationships of SSD following Fairbairn (1997) as the slope (β) of a model-II regression of log (male size) on log (female size). All statistical analyses were carried out with "R 2.5.1" (R Development Core Team 2007).
The pattern: SSD in Orthoptera
The analysis of our database revealed that female-biased SSD dominates among Orthoptera (Fig. 1 ). This is particularly true for Caelifera species, in 99% of which females are larger than males (1106 species). We only found five Caelifera species (0.4%), in which average male size was greater than average female size, but this might also be due to typing errors or to insufficiently long series being examined.
Nevertheless, there was substantial intraspecific variation. In 207 species the largest male size was greater than the smallest female size (19%) and in a further 45 species, the largest males were of similar size as the smallest females (4%). This remarkable intraspecific variation might be caused by environmental factors (Teder & Tammaru 2005) . Understanding these microevolutionary patterns of SSD might also be fundamental to understanding the general pattern. Female Caelifera were on average 1.37 (± 0.006 s x ) times larger than males, but there were substantial differences between families (Fig. 2 , see also below). In Ensifera, females were on average only 1.09 (± 0.005 s x ) times larger than the males and in 49 species (13%) the males were larger than the females. Moreover, in 21 species (6%) the sexes were of similar size and in 295 species the largest males were bigger than the smallest females (76%). These general differences between Caelifera and Ensifera suggest that the selective forces differ substantially between the two orders.
The degree of interspecific variability was much lower in Ensifera than in Caelifera, ranging in Ensifera from 0.77 to 1.44, in Caelifera, 0.83 to 2.45 (Fig. 1) . This low degree of variation was also apparent when families were compared. Although in Mogoplistidae SSD seemed to be higher than in other families (average: 1.23, ANOVA, F 5,384 = 2.96, p = 0.012), only four species of this family had been included in the database. In Caelifera, SSD increased with female body size (linear model, R² = 0.11, p < 0.0001), but was independent of male size. In contrast, SSD decreased with male body size in Ensifera (linear model, R² = 0.05, p < 0.0001), but was independent of female size.
These results indicate that in Caelifera, SSD is mainly caused by changes in female body size, while in Ensifera, SSD is mainly affected by changes in male size. These differences are likely to be caused by different life history strategies of the two orders, particularly the differences in mate acquisition (see below). An examination for allometric relationships using a Model II regression as proposed by Fairbairn (1997) revealed a more or less isometric pattern for Ensifera (β = 1.02, Fig. 3a ) and an allometric pattern for Caelifera (β = 0.94, Fig. 3b ). Hence, both taxa do not exhibit Rensch's rule, which proposes that SSD decreases with increasing female size (Blanckenhorn 2000) .
The higher variability in Caelifera might be affected by the higher number of these species included in the database (comprising three continents). However, the averages and data distributions were rather similar among the three sources found significant differences in SSD between the species treated by Bei-Bienko & Mishchenko (1963) and Dirsh (1970) (ANOVA, F 2,1095 = 4.21, p = 0,02), these differences were probably caused mainly by the different representation of families on the different continents. SSD was particularly pronounced among Pamphagidae (1.53, n = 126), whereas it was rather low in Tetrigidae (1.16, n = 23; Fig.  2 ). As different size dimorphisms among families might also be caused by over-representation of large or small species in particular families, we included female average size as a covariate, which did not change the results (ANCOVA, F 9,1094 = 18.9, p < 0.0001).
Although the Lentulidae had an even stronger SSD (average: 1.8, n = 2) than Pamphagidae, this was probably affected by the low number of species included. A later inclusion of the revision of the genus Usambilla (Jago 1981) resulted in a strong decline of SSD for the Lentulidae (average: 1.33, n = 20).
Among species, the strongest female-biased SSD was found in Bufonocarodes robustus (2.45, Pamphagidae: Nocarodesinae) and eight of the nine species with values > 2 were either Nocarodesinae or Tropidaucheninae (genera Paranocarodes, Paranothrotes, Nocarodes, Bufonocarodes). Despite the strong SSD in Pamphagidae, there was substantial variation among the subfamilies within this family, ranging from 1.12 (Porthetinae, n = 2) to 1.90 (Nocarodesinae, n = 20), suggesting that phylogenetic relationships alone could not explain these values. In fact, high intersexual size differences were found in ancient taxa (Eumastacidae, Pamphagidae, Pyrgomorphidae) as well as in very young groups (e.g., the genera Acrida, Chorthippus, Fig. 3 . Model II regressions for estimating allometry of SSD following the method proposed by Fairbairn (1997) . The dashed line represents similar body sizes of both sexes. Note that in (a) Ensifera the SSD is generally weak and the ratio remains constant across the body sizes (β = 1), whereas in (b) Caelifera SSD increases with female body size (β = 0.94). Acrotylus). The strongest male-biased SSD (0.77) was found in Dolichopoda araneiformis (Raphidophoridae), but in this case only one measure was available for each sex.
Proximate causes for SSD
In insects, SSD is often associated with intersexual differences in growth rates (Blanckenhorn et al. 2007 ) and developmental time, leading to differences in the number of nymphal or larval instars (Uvarov 1966 , Esperk et al. 2007 . Indeed, female Caelifera usually pass an additional instar during development compared to males, whereas in Ensifera the number of instars is often equal between the sexes (Ingrisch & Köhler 1998) . In some taxa the number of instars seems to be genetically fixed (e.g., Tetrigidae), whereas many species show a phenotypic plasticity in this regard with strong effects of the environmental conditions (Adis & Junk 2003 , Adis et al. 2004 , Berner & Blanckenhorn 2006 . The lower number of instars in males has often been used as argument for a strong selection in favor of an advanced emergence, i.e., protandry (Fagerström & Wiklund 1982 , Zonneveld 1996 , Teder & Tammaru 2005 , Berner & Blanckenhorn 2006 ). However, whether females have evolved an additional instar or males have lost one instar, cannot easily be distinguished.
Studies on the proximate causes of SSD are relatively sparse and there is little knowledge of the factors determining the number of instars in Orthoptera. They might include innate sex differences in energy intake, expenditure and allocation, which might be influenced by physiology or endocrinology (e.g., Cox et al. 2005 ). As outlined above, environmental cues seem to influence the number of instars in addition to genetic factors. Regional differences in the numbers of instars have been reported by Ismail & Fuzeau-Braesch (1972) for the field cricket, Gryllus campestris. Hassall & Grayson (1987) have shown that the number of instars in Chorthippus brunneus is related to different grazing regimes on pastures. Ahnesjö & Forsman (2003) found that different color morphs of the ground-hopper Tetrix undulata differ in body size. Although the latter authors suggest a genetic correlation of these traits, it should be noted that color-morph determination is also often environmentally cued in Orthoptera (Dearn 1990 ), including Tetrigidae (Hochkirch et al. 2008) . It is, therefore, possible that body size is influenced by the differing thermal capacities of these color morphs.
Climatic effects on body size seem to be common in Orthoptera (e.g., Willott & Hassall 1998) . Berner & Blanckenhorn (2006) found that females of Omocestus viridulus in the Alps possess an additional nymphal instar at low, but not at high, altitudes. Interestingly, large individuals of this species developed faster than small ones, suggesting genetic variation in growth rates (Berner & Blanckenhorn 2006) .
In most Caelifera species the females are more variable in body size than males, indicating that under unfavorable conditions females might compromise on body size (Teder & Tammaru 2005) in order to become adult and maximize the number of eggs laid during their lifespan. One might easily test this hypothesis by rearing Orthoptera under different degrees of food limitation (as has been done for spiders by Fernández-Montraveta & Moya-Laraño 2007) or under different climatic conditions (as has been done for beetles by Stillwell & Fox 2007) . Telenga (1930) showed that Schistocerca nymphs skip one instar when reared on a poor diet, but the opposite was reported for Melanoplus sanguinipes (Uvarov 1966) .
Ultimate causes for SSD

Studies supporting the differential equilibrium hypothesis
The differential equilibrium hypothesis proposes that SSD is a consequence of sex-specific fitness optima due to the sexes' different reproductive roles (Slatkin 1984 , Blanckenhorn 2000 . Females may maximize their fitness by achieving a higher adult body size, allowing them to produce more eggs, whereas males may maximize their lifetime reproductive success by multiple matings during a relatively short period of time (Shine 1989) . Indeed, one of the most striking consequences of larger female body size in insects is a higher number of produced eggs per oviposition (Honek 1993) . However, larger body size is also associated with substantial costs (Blanckenhorn 2000 , Gotthard et al. 2007 . These costs involve a shorter time for reproduction due to the longer time of development (which might be particularly important for species from regions with strong seasonality), or a lower viability of large insects due to a higher cumulative mortality, a greater detectability, a reduced agility and higher energetic requirements in order to attain and maintain a large body size (Roff 1980 , Blanckenhorn 2000 , Gotthard et al. 2007 .
In Orthoptera, a positive relationship between body size and the number of eggs per pod has been documented by del Castillo et al. (1999) for the pyrgomorphid Sphenarium purpurascens. Females of larger species generally seem to produce larger egg pods (Honek 1993 ), but there is substantial variation depending on the life history strategy of the species involved (Hochkirch 1998 ). The lifetime reproductive success is not only affected by the number of eggs per pod, but also by egg size or by the number of egg pods produced during a lifetime. Thus, smaller females might produce smaller egg pods, but maximize their fitness by being reproductive for a longer time. Lewis (1984) has shown that larger females of Melanoplus differentialis produce more eggs per pod, more pods per female and also larger eggs. In addition to the number and size of eggs, larger females might also profit from larger auditory organs, allowing them to locate males over a greater distance (Bailey 1998 ). Indeed, Gwynne & Bailey (1999) found that females of the bushcricket Kawanaphila nartee profit from larger auditory spiracles, but this advantage was independent of body size. On the other hand, Bailey & Kamien (2001) have shown that female auditory traits in Requena verticalis are positively allometrically related to body size, whereas this was not the case for males.
While fecundity selection for females is well supported in many taxa (Fairbairn 1997) , it has been shown that males may also profit from larger body size in terms of higher fertility. Wedell (1997) found a strong relationship between body size and ejaculate size in males of twenty bushcricket species, whereas the size of the nuptial gifts was not related to body size. However, a positive correlation between body size and the size of nuptial gifts has been found in Allonemobius socius (Fedorka & Mousseau 2002) . Simmons (1988) showed that larger males of Gryllus bimaculatus had lower costs of spermatophore production and, subsequently, a shorter refractory period. Moreover, small males had a lower ability to attach spermatophores to females (but see Weissman et al., this issue) . Large male size might also be advantageous if, as expected, larger males produce louder songs: increased intermale spacing of competing singers could result (Thiele & Bailey 1980) . Hence, the relatively low degree of SSD in Ensifera compared to Caelifera might be a result of the different mating postures and life history strategies of these taxa (Gwynne 2004) . Males of many Ensifera are territorial and produce nuptial gifts, which might favor larger males producing louder songs, larger nuptial gifts and stronger competition against rivals.
Males of Caelifera are usually mobile and actively search for potential mates, which might favor smaller males. Blanckenhorn (2005) points out that the evidence for advantages of large body size is overwhelming for both sexes, whereas the potential disadvantages have rarely been studied. Several authors suggest that mobility might be a key advantage of smaller body size in male insects (e.g., Neems et al. 1990 , Blanckenhorn 2005 . Another (possibly even more important) advantage of smaller body size could be protandry (sooner emergence of adult males, Morbey & Ydenberg 2001 , Teder & Tammaru 2005 , Berner & Blanckenhorn 2006 , Blanckenhorn et al. 2007 . If males become adult before females do, they are able to secure high quality territories or fertilize virgins (Wang et al. 1990 ). This will be particularly important for species in which females lose receptivity rapidly after their first copulation as being able to store sperm. Females of Chorthippus biguttulus are known to be highly receptive during one week at the beginning of their adult life (starting four to five days after the final molt). During this time, they usually mate only once and rarely mate afterwards (Kriegbaum 1988 ).
While the above-mentioned mechanisms might maximize lifetime reproductive success by increasing the individuals' capacity of egg production or egg fertilization, sexual selection might also influence SSD. Sexual selection includes intersexual selection (mate choice) and intrasexual selection (combat). One simple kind of sexual selection acting on SSD is a male preference for large females or a female preference for small males. A preference for larger females is widespread in many insects (Thornhill & Alcock 2000 , Bonduriansky 2001 ) and has also been found in Orthoptera (pers. data unpub.). Interestingly, females of many Orthoptera also prefer larger mates (Gwynne 1982 (Gwynne , 1984 Simmons 1988; De Luca & Morris 1998) , which is in conflict with the hypothesis that sexual selection alone can account for female-biased SSD.
Intrasexual selection has mainly been used to explain large male body size, as larger males might be more competitive in polygynous species (Owens & Hartley 1998) . In the weta Hemideina maori, larger males are able to defend harems under rock cavities, but they take longer to become adult (Koning & Jamieson 2001 , Leisnham & Jamieson 2004 . Large males of the grasshopper Sphenarium purpurascens (Pyrgomorphidae) are able to perform mate guarding longer than smaller males (del Castillo 2003) . However intrasexual combat could not explain an advantage of small males (as long as protandry is not regarded as a kind of intrasexual sexual selection). Intrasexual combat is rarely discussed for females, but in some cases courtship role reversal seems to occur in Orthoptera and females fight for access to mates (Gwynne 1984 , Simmons & Bailey 1990 ). Another possible mechanism of intrasexual selection in females is a competitive advantage during habitat choice (e.g., for oviposition sites).
The third aspect of the differential equilibrium hypothesis is sexual conflict, which arises due to sex-specific fitness optima. Female fitness is determined by their lifetime capacity of egg production, which is influenced by the trade-off between body size and longevity (Blanckenhorn 2005) . In males, fitness mainly results from their chance to fertilize as many eggs as possible, which might be realized only during the short time of females' maximum receptivity. Hence, females will be affected by male harassment and a large body size might increase their ability to reject male mating attempts. On the other hand, this argument could also be reversed: mating attempts of larger males might be more successful due to their better ability to resist female defense.
Studies supporting the intersexual competition hypothesis
The intersexual competition hypothesis predicts that competition between males and females leads to intersexual character displacement (Selander 1966 , Slatkin 1984 , Hedrick & Temeles 1989 , Fairbairn 1997 . Indeed, intersexual food partitioning has been found to be related to SSD in some taxa (Carothers 1984 , Shine 1991 , Temeles et al. 2000 , including Orthoptera (Hochkirch et al. 2000 , Vincent 2006 ). However early on, Selander (1966) realized the problem of disentangling cause and consequences.
SSD might be a means to reduce competition, but reduced competition might also be a simple byproduct of SSD. Moreover, competition might have acted in the past and might, therefore, be difficult to prove at present ("ghost of competition past", Connell 1980) . Due to the extensive evidence for the differential equilibrium hypothesis, Fairbairn (1997) proposed that intersexual competition may, at most, play a subsidiary role in the evolution of SSD. Other authors argue that intersexual competition for food is unlikely in small herbivorous organisms (Merilaita & Jormalainen 1997) . Although Nosil (2002) found that larger individuals of Acheta domesticus are stronger competitors for food, it has to be kept in mind that most Orthoptera species are food generalists (Chapman 1990 ) and food is rarely limited for these insects (Reinhardt et al. 2005 , Hochkirch et al. 2007 . Another argument against intersexual character displacement is that both sexes should be equally likely to become the larger sex if competition was the cause, but femalebiased SSD predominates in Orthoptera.
The intersexual competition hypothesis is difficult to test experimentally. The best method would probably be to breed Orthoptera over some generations with different degrees of food limitation of two discrete (differently sized) food items, and measure whether changes in SSD occur in the expected direction. An observational approach could be to measure SSD in different populations of one species, which occur in different species assemblages. Under these circumstances, one would expect that SSD increases if interspecific competition decreases. However, different populations might also be subject to different microclimatic conditions -a factor which could be better controlled under experimental conditions. Butler et al. (2007) proposed that the degree of SSD should be negatively related to the extent of adaptive radiation, as both might be alternative means of ecological diversification. However, our data do not support this hypothesis, as the most species-rich grasshopper genera do not exhibit significantly lower degrees of SSD than their relatives (Chorthippus: 1.32, Conophyma: 1.28, Sphingonotus: 1.39).
Future research directions
Although the ultimate causes for SSD have been discussed since Darwin (1871) , the prevailing hypotheses have rarely been tested explicitly in Orthoptera. Our results show that these insects are particularly suitable for studies on SSD, as they exhibit a strong degree of intra-and interspecific variation. The major differences between Caelifera and Ensifera suggest that SSD is strongly related to differences in life-history strategies, which could be easily tested. A comparison of different species with different life histories would be one interesting approach and seems to be feasible, as even within single genera the variability of SSD seems to be high. Moreover, a microevolutionary approach is useful to test the above named hypotheses.
Such studies might include a comparison of different populations of one species, or of individuals within one population. In JOURNAL OF ORTHOPTERA RESEARCH 2008, 17(2) any case, it would be advantageous to conduct comprehensive studies, including the complete sex-specific fitness costs and benefits of body size (Blanckenhorn 2005) , such as mortality (also predation and parasites) and reproductive success. Although there is not much evidence for the intersexual competition hypothesis (Fairbairn 1997) , this hypothesis should also be tested thoroughly (as outlined above).
Another reason for the high suitability of Orthoptera for studies on SSD is the existence of extreme cases within this group. In the Canarian endemic genus Purpuraria (Pamphagidae), two sister species exist in similar habitat types, one with a miniature male and one with a larger male (López et al. 2007) . These species are closely related sister species and ideal study objects for future research on SSD. The weta Hemideina crassidens is another very interesting research object, as it represents one of only a few animal species, which exhibit trimorphism with large territorial males and small males, which seem to follow a sneak strategy (Kelly 2005) . Taxa, in which the variability of female size is exceptionally high (e.g., the genera Calliptamus or Acrida) might also represent useful study objects. The questions to be answered do not only involve the ultimate or proximate causes for SSD, but also the reasons for the general difference between the two Orthopteran suborders. Why do Ensifera have such a low degree of SSD and why are they so constant in this regard? And why do Caelifera have such a strong degree of SSD and why are they so variable?
